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PURPOSE: A mobile communication device including 
transceiving multiple antennas and a method 
therefor are provided to feed back long-term and 
short-term information by reflecting downward 
characteristics of space channels from mobile 
stations to a base station, so as to minimize the 
influence by fading, interleaving and noise and 
maximize transmission data capacity. 



CONSTITUTION: Mobile stations measure the first j 
characteristic from PICHs(Pllot CHannel) transmitted) 

from a base station, and decide long-term information and short-term information by reflecting correlation 
characteristics of channels according to transmitting and receiving antennas from the measured first 
characteristic, then convert the decided long-term and short-term information to feedback signals to 
transmit the feedback signals to the base station(30). The base station restores the long-term and short- 
term information from the feedback signals received from the mobile stations, and processes DPCHs 
(Dedicate Physical CHannels) using basis information generated from the restored long-term and short- 
term information, then transmits a result of adding the processed DPCHs and PICHs to the mobile stations 
(32), wherein the mobile stations include at least one receiving antenna, and the base station includes at 
least one transmitting antenna. 
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* 5L«-«>fe ©I* *Ai #^1 ^ *^«>1| ^H^h 

^Hltfl «>1* ^fAl Al^tfl^. ^ pes ol^- ^.Al Al^efla]. ^el ^.cl- ji^2l cflolEl^ ^^?Vcl-. «l*7l 
^va}o] ^- HE 4^ ^^(W-CDMA:Wideband Code Division Multiple Access) *3Hl-8r, ^- n lfe 1 * 
A1<?1 CDMA-2000(^ ^31- 3.^ 4^ -¥"il fl^^-S ^1^.. 

O.S Ol* Jf-A] Ali^* *1 7l^l^# f-«il <^el 0]^«Ol SAlS}^ ^EflS. Ol* Al^olM 

Cfl0lE-l# Jl^AS ^SV^l ^SflAi ^ol^(f a ding)4 #* ^1* -f-Aj ^M21 Wf^o\] 4^. ^ ^ A>-g-7>^ Q^Sr 
3)i^O> BfloTaSl OJS^O.S. ^-Ajol 1-<?V^S>711 Sl^ ^J* «o V Al*>7l 3 * *S"^^-S 4°lWlAlEl W^Al^- A>-g- 

°l5l* cf 0 l»lAlEl wj-All-^ ^-^1 cj-ololAlEKspace diversity) ^Aj* 4^ ■JlBilul-l- ol^-*!-4. 

tb^, ^ SHIM* ^>^-S>^ A>*^>#^ ^-Aj^- ^ 5j 7l nfl^-ol) ^ ol^. ^-ai Al^^^. n}^ <y-Eim 

* m^^S. Aj-^-tl-Cl-. Ct* °l-8-*H 3M^-§- ^4*>^ 4°l^AlEl ^A]^ ^^CJ21 -g-^-g: ^ol7l 21 
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«(| 44 S)xr 34 44 4314 *W °1* 443 4^ 4 34 443 tfl 4.3-4 go) J__^4t}. 

til) o]E].g- Sl-71 $.*fl, "a^o] o]^. ^.A] AjA-Efl °_ ^ S-AjS-^oHAi ^-A] ^^oJ| 7 >4 AJ44 OJ*^ 

n l*1^r 4444 443 slH^* ^ ^4*l]4 44- SH444 Jfflol^^- ^Al Aljra] ^ dB°1H 4^ dB43 

^Al7]7) nfl^-ojc)-. ^H^* ^ ^b:>71 o} e] 7 >x] cM^E} 7l^o] A>^-^c]-. ojaV^o] CDMA 4*14 

^3 33 44(delay spread)* o)-g-sj) cl-o^AlEl 444^ 3l©l302ake) 4471 * <3j S}:n. ^a] 

44 3-§-(multi-path) 3S-I- 444fe 44 c}o]u]a1e] 7]^o]nf. ae]^ o] c)-o)ij1a)e] 7)=_r£- ^]<g -g-A>ol 

^(Interleaving)^)- 3*34 344-b 34 43 ^33 (time diversity) 434 243 ^H3)S-(Doppler spread) 

^H^H 4434. Zie)l+, O) «j-A) O. ^ £fe) ^))^0)|A) 0)^-S)7) 0)g) «. ^l^* 4^4. 7.)^ ^-AJ-O) A)--©. A} 
ifl 7^ £S.£) j^o] j^*). ^fl^^A) ^0)^^- ^-4S>7l ^«fl CfOlB)A}E|7)- 4434. t^-O^Al 

e]^ 4 7fl 343 43)4-14 444-b ^o.^ ^. o>ei]u|-od ^Tg-^ A13.7} *W8<>| ^ o. ^ 

= o}E]]l4t ol-g-«}) 3 Al^S. ^A]S> fe Hj-A} ^4 43333^ ^Al OV^* O] -g.s}i=- ^A] oj-^q. cfo]lJ)Al 

34 ^Al o>Efll41- ol^-Sj-fe ^A] oj-^q. d-Ol^AlElS. 434. 3-g-^3 ^-f ^^2). U]-g- ^of^ ^A) oj^uf 
43333* 4343 ^#3 B||*6|, 713^3] 44 0)^,4 Cfo]HlAlEl Af^-O] ^^t^. 

^ai oVeW nfolHlAlE]fe ol^^-o.s«.Bl cf-g- ^3(downlink) *fl\4 3-S-* 7l3^oj £i=. b(] -^(closed loo 
p) 34 433334 3*4-2.3.^3 71^1^-o.S ?i]43 ^ 7fl-f-H(open loop) 34 c^-o^aIe^}- 5U4- t\- 

ol^AlEl^ ol^oflAi ^fl^^ o^^jjj. 37 | f ^^S>0^ 31^2] 7>^All- #^Cf. 71^^ *f\^2) 3,7]^ ^Aj-^. a. 
J§*>71 91^4 tS. ^^Sl^r 4^5} Ali- Miflo^ ^-cl-. ol^-^ 3).<y^ Al J;^. Jf-Sfl >s fl ^^ H7 ) u! o^Aj-fi- 

^« ^^21 H7l * ^AJ- ^^S^-Ei 2j^Sl 7>^A]# ^Cf. 

««. °>^14 Cr«>l»H^El^^ °>«HM- tn *7>s}^ 401^^3 jl^ * ai j: cfl ^n}^ t\}^ 4 

olHlAlEl £_3±9) 711^ 7]7-l^oflAi Aj-g-Sffe oVBimirSl 7fl^(£^, AlJ:7> ^H]^ ^S)7> ^7}^-ofl 44 

^, 4 c >Ha1e121 ^£7> ^7}^-<H] 44 ^1^ #<>1^4. ^telH.s., 5)^^. ^ D) )^. 7)1 Aj^ ^oj^aIeI 141 
^fe av^Ai wi-^aitF u 0 ^ol4i ^ §i4. 44*1 4°H*1e1 s.4* 7fl^Ai7i^ t_v^ a]^ ^jgj^ 

31^4*1 ?U xfl-?- Al^o| AlJ: tfl ^-g-Hl# ^CflSj-Al?!^ «g-^0. S ^Al^-oflA-l A^>^ o> Efl ^ ^ 7 }A}?} 

^°1 4^44. 

cfoiuiAiEi 5:4 4M4 4^ ^ 4#°1] ^i^fl 4^4 4^ ^4* ^^4^71^ M J S D J i4» J134 
^ ^eflfKarrary) 4^14 *1=i^^- '4^: ^3. Ui D J(beamforming) aI^'oIeI- ^ ol i^), ^ c^o^aIe! 
4 444^1s n& ^Ji* °l-g-4^r T-i^ig-g- 44 ^3 ^i D 0 ' aia^'oIsJ- tl4. oI^^-as-^-eI 71^1^-0. 

?!4slfe «^l-8-4fe ^1^-= 44 ^3. Hi «8 ai a.^ o., 9))^. cfl^ s. o1 ^«.s>7)l 4^01 $X*\ 4 

4^ *B\a ^isl ^sH- ^ «vojs W ^«fl ^-ai aj^ oj^ l7 j fe ^-^1^^- 

4^ 4^ IMT-2000 a-^4 ^r^l°J, 3GPP(Generation Partnership Project) R(Release)99 tH€"8- 27fl 4B114-1- 
4 ^4 n ^-S. ^14 4°1»1*1e1 4^as ^4 4^114 °1 511 °KTxAA) ^lli « ^12 anf ^€»4ji sirq-. o^ 7 l 
4 TxAA *U 2-^^ ^?14°fl^ *1144 4 4t114*^ ^4444 fll4*l TxAA ^2 2=fe ££fe} 

°fl4 ^144 5J^-S 4 4^1141-^ ^14 ^>?> 4^4 fl]4*l?14. TxAA ^1 1 eh « ^12 2.=^ 4^ « 0 >^ 1 

MT-2000S§°J UMTS(Universal Mobile Telecommunications System) *1^^4 ^4 S^4 4>*H 3GPP°1H 
^4 ^^Kspecification)°ll 7flAl5l^| ^q-. 

=fl f-S ^4 4 0 1w1*|e1 4^sl TxAA *Hl Sfe ^112 s.H.fe ^4 °i ell °1 4314* 444^ ^4 ^4 <H^1°1 
43] 4* 44<H1 4€- 4^4(compiex)4°ll «fl44fe 4^^1* °J7>4£S. ^p-Aj^c}.. ^ o. -y-Eflq-oii <y7>£) 
44^1 34 *fl\44 47^1^1 SAS^I <^1# #4 w = h ♦ ( w 4 h ^ ^E^oic}.)^- av^-^-c)-. o]s)-, ^ #^1^ 

X*l€ ^4 ^Eil- S7-14J1, ^ SAlSlAl % o. ^EfS. SAl^C)-. ^7^^, h ^ ^4 O^O] iifl 

■i°li w 34 °1elH 4314 44^1 ^Eioicf. 

^4*1-2-3., ^1* 44 ^l^^l- ^ 444 €-4 4#^|i(FDD:Frequency Division Duplex)* 444^ 4^14 4 
4 ^^4 44 *flMisi 4^oi ci-s.71 nfl^- ofl 71^1^-oiiAi ^fl^( h )4 4^1 ^sfl^ ^ ^4*1^ 

4 44. °1* ^1 «fl TxAA ^1 S.E. 2.ir ^112 2-£^ ^fl^ h )S^E) ^S>7fl « 7>^a1( w ) ©l^ol 

44^ 71^1 ^o.^. iLMl£* ^sjol o;^ TxAA fiHfe 7V^a1( w =[|w x |exp(je ! ),|w 2 lexpO'9 2 ) 
])(w i 4 w 2 ^ ^44 c, 14.) 4 ^4 4*°fl «B44^ e 2 -© i 44^t 4 alss o^j.^^ ^^-Ai^cf. 
44*i, ^4^1 ^-a^ * /27> oj:^ n / 4 7> «4. A14S1 3l4^4 4<^]7l ^«fl nfl 44 4 «1H 

#44 H1H4 ^Ai( update ) S ].^ ^(refine) 4^4 4444- ^1* 1:4 4 «m*Sl it^S^I {b(2k), b(2k-l 
)}, {b(2k), b(2k+ DX0171A-1, nfl 44 44(slot) 4^3. ?H4s)^ «]S* 2lnlt!-4)ol 7 >^-4S.* ^-cf. TxAA 
*112 2 = ^- 7>4a1 ^a^l ^AJ _9.ii cj ^A^-4 ois.^. £ = TSfl^Al^lt)-. ^4^8: 3«1SS fll$A] 71 Jl o]s.o. mjE^. 
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1} 4h)e ^ ^ u1bd> 7|a1s>^ ^li^ ^(progressive refine)2-S» a}*^. ^1 S-H.°1)a1 z% ^JUIs} 
uflo)Al^(basis)^ ^o] s)fe ^J£^i ^Al] SLH^ ZLe]^- fl-^^ #*1 ^cf. 

3#trTxAA ^11 S= ^ *12 5L2=fe °Ve|i4 a] ^( S p aC e-time) Jf^o] nfl cf^-sf 

»-§- S>^4. 

"3*1, tfSH-r ^7} *7 r *r^l ZJ- o>E)]u|. ^ S 7 r f'*l# ^A^O]: j|£ S ?H^Al^ go} ^1 =] o\ °}^9) 

ol* 4^ -S-^l <S^-Al?14. ^, <a^2i <LS. nflol^ ^B'i^Ai ol*^-<q ol* ^£7> teWS a1*t_V 

7> *7>«-°)l ^7>Sr^ ?|)$ *A] Aj^-g. t^a]?^ I4f 3^^. 

c^g-ojg., oVEfluH-Tj- 7l2l7> ^517,1 #0.13 zj- ^Eflu)-^ *fl^7i Aj-^.aCcorrelation)^! *7>*)-c)-. o^tA 

*fl^7> #&&°1 ^7>S>^ *H£ pflE^^oj ^^.^=01 ^5}^, Jl^-^ « 0 V>=]1- o^s^ o> Efll _]. ^7} *7> 

5H-£ -H^r °1**)1 «-3<*<*l Aj* oj^ <a<HM-7.1 ^Cf. d> TxAA AHlS-i= * *)]2 A]^ ^ 

^*Hr -f- «?VEflm-S] Zj- ^fl^ol ggq S-^^jol^^ 7>^ ^Aj^o^ Sio.S.S, t>E)m ^4 Al^-Tj js. 

^°1 £*Hr ^-f Sl-ir^S °l-§-€ <T 7)1^7>, 3^ ^ SL^-& <?>E))H-» 27fl ill} &0] Af**^ ^ 

<Hl 3*« sill- 3i*| 37fl o]^ »nmt A>-g-^jl ^BrE -f^t!" ^T5-lr 



^Ol olJf-J7 7(- ^ 

*Hr ?>6lim ^B^fil o>*J= ^-A^ xycg*}^ ^ ^-71 ^iLl-i- ol^^.S^-El 7^1 ^<L3. ?fl^Al^, nflol 

#ai ^i^-s> fe di sat*. 

* *A1 Hj-^^- ^l^-S}^ tHl OJC}. 



#71 ^11 «V^S>ol <$7] 01*^^1 ^-7) 5? #71 #71 o)^^^ S Jf E ^ - 

#sl ^ aJs*^- ^-TV^AS ^lelsl-ji, Aj-71 ^.?>^ 0.5. ^e)^ ^jq-<4 aJ-^^-e ai^s.^. 7].^^ 14a aj- 7 ] ol 
*^-js.s ^*>^ ^<^1 4t2|5H, #71 ol*^ ^<H£ «>ui-5i ^a] ov^m-s Aj. 7l 7l^l^ ^<H £ si-qsi 

^AJ ojfiim* ^31, #71 ^11 S.AJ o. ^Al 5J Aj- 7 ] ^A| ojEim^ ^fl^^ ^of| «fl^>^ o] U>^^- 

4. 

Aj-7] c}# 61^-71 ^Sfl, *>q-2l #A) oJ-Eflq-l- Zl-fe 71*1^-4 ^ol£ ^A] ^HflufS. z> fe 

^■7>ofl #A] O. */^Al 0>Efll4# Ol-g.«H=. Ol* *AJ Aj- 7l ^A] 5J A^ 7l ^A] 0>g)| 

M-t ^^S] S.AJO] ^flj S-A^-g- «>oJ^ol Aj. 7 ) ol*^o?]Ai ^-71 ^ #71 ^iL-i-* Aj-71 °] *^0. S ^LeJ 

^AJ# A]^ S «.E1 ^^*>i, ^.^^ Aj-7) ^ Aj-71 #71 ^JilrS.^ AJA^ H)]0lAli ^Ji^. O] **).^ 

#3 aII^ Ali-s-^- *7>^ 0.5. ^ajsl-ji, a£ 7 | *t>^ ?Hel^ 4<a*H Al^s-g- 7^1-0^ o] 

^°-S. #^SHr #7^15. ol^-olAl^ 5jo] u^aisl-n}.. 

°l*r, ^^<H1 ^ t!" ^/^rAj cf* tVEflq-l- i^-*>* *Al ^1^ ^ aJ * -f-^-3|., n ^ofl^ ^^slfe ^- 

^■^oii si # °i* *aj « 0 >«i-i- ci-i-4 z>oi a^^^j-c}. 

£ 1* -& ^<H1 ol* *a] 7flef^oi ^-el^Ai, 71^1^(10), ^)U, ^112. ... 3 >«flX «>1*^#(20. 22, ... 

^24)S.^Aj^4 

£2feEH -E^-m °1* *4! #^HlAi ^^)sl* ^- sl# °1* *aj hj-^^- A^Tgs>7l 41 «• #s.-¥-A>BS.Ai, 

nfll* Aj^» #7)l(Afl30 ^Tjl) 5J Al^y-E-l 3-^* #71 « #7l ^ o]$.%\a\ *7>^ 0. S ^ e) ^ 

3-8- #Hl a] J:(DPCH: dedicate Physical CHanneOl-^- 4^*^ aJs#^- 7>A>el-o^ #7^1(Afl32 # 

7fl)S o|^A]cf. - . - 
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£. H - *flX <>l^l-(20, 22, ... ^ 24)£ Aj£ ^-<Si& 7l¥-§- #*8*H, °1^(20, 22, ... Sfe 24)£- 

*>q-^ #41 *>*m# 7)^)^(io)€- *}#2] #4! S_Hm# °1 "fl. °1*^(20. 22, ... S£ 

24)£ <^1« 1"^ #«?1 nH?H *l|#tl-#. 

£. 71*1^(10)8: ^7) ^ #7l °1^(20, 22, ... £fe 24)AS.-¥-Ei #411* 4lJlS¥-El ^ 

^*>JL, #7l ^ #7l ^iLl:S.-?-El Ag^^. HflolAl^ ol^-s>^ *l-g- l-e] *fl^ A)3L(DPCH)lr* 

3-2-3. ^e]*>i, ^-Tj-al #-g- #e] 4l3-«*l- 4<a*S. 4l3l(PICH:PIlot CHannel)-I-§- 7>4l# ^ 

# °l*^-(20, 22, ... 24)^.5. 4l###(7ll32 #7)1). ^7]*\, 4l:£[P , (k)](l^i^B, Bfe #41 #3l# 

21 7l#S*1 l°l#2l <$2l u(-E^vSc}.)fe :§--§- ^U^S 4£ 4li(CPICH:Common Pilot CHannel), 3.-g- 4 

<S*S *fl^ 4ls(DCPICH:Dedicate CPICH) 5E^r 2*} s^^S *M 4l3:(SCPICH:Secondary CPICH) ^ 
7} U # fl#. 

1W1 2}# 7l^l^-(10)°l «V*|- £°1 -S-^ # 5U£^- *131^ # 3<H51 =^Al oMMMl- £ 

01^(20, 22, ... ^ 24)^8- <Htt)tF ^ oicj. 2. ol^(20. 22, ... Sfe 24)^8: #41 ^ #4l # 

Eim^ ^(downlink channel)^ ^[o]^, *m s-Aj( H )o]£\- tl^-.K^H, h -8- «S°14.X 0 l*l-. ^ 

*1*)1-5L S*l€ 518: iAl*>Jl t ff-g. iAlHj^l 3}-2- SAl^.)^- #<3S}o} ^-71 «J # 

71 ^iL-f-* ^^H- # Si-^ 0 1 «fl, #41 ^ #41 #<H]i_|.<i *8fc$| H )o]# y 71*1^(10X2.5.^-3 
°l-§-^(20, 22, ... JEfe 24)£.S 3#=m *im2) 37^ sH^M}. ^, >fll JM§( H )2) <Kcolumn)^8- 

71^1^(10)21 #41 °]-Efli4ofl o^tl ^ll^S. ^slji, ^( r ow)^8- <>l-g-^-(20, 22, ... 5Efe 24)21 #4J ^Eflt+ofl sltb 
^^cj.. tHoji Aj«^ ^Ai °>3mofl 21 tl *?V0| cfl«fl ^«8^1i, «8 ^^-l-^ #41 ?V^m 21^- * 

^1 cfl«fl ^«fl4l4. 

01^(20, 22, ... SE^ 24)8: 7^1 ^-(10)^5.-?-^ ^#^ 4<H*S 4lJ:#S.^El ^1 ^( H )* ^^^ji, 
*111 #^!( H )o.S.-?-El #41 ^ #41 o>Eflq.t ^^2) s-^-i- <^^tl 4>7l ^^.21- cj7l J§iL» ^^*>ji. 
4h7l * #71 ^Jil-a- 4l^S 7lxl^-(io)o.s 4i#^-4(^l30 ^1). 

^. ^-tgo] o]^s. § 7 | o^^ii ol^^(20, 22, ... S£^ 24)21 aJaH] * ^ 30 cj-^s- ^s>j7, 71^1^(10)21 aJaHI ^ 
^132 ^7il# -f#*Vcl-. 

°1*K mo °1*^(20, 22, ... 2^r 24)°11 cfltb ^- 21 tb ^A)<i|t|. %2,^ 4^ 

£ 3* £. 2ofl £Al^[ ^30 ^Hl cfl«: ^<H1 2ltl ^aHK30A)« ^^S>7l ^ *a+ ^VH^ , ^j|i s.a^ ( H 
)* ^^1(^40 #711), *fl^2l 4h7l ^ #71 3iL!-g: ^^*>fe #7fl(^|42 ^ ^144 #7fl») ^ ^1 

^ #71 ffl^ 4l^S ^«-«>fe #711(^146 #7)1)S ol^o^^lcf. 

£ 4^ £ loll £7«1^ *m, ^12, ... ife ^11X 61*^(20, 22, ... £^ 24)21 ^- *g*$d\} 3]^ ^}a\)s] ^^S.*], <£ 
EflM- oleflol(60), *m ^ ^^-¥-(70), ^-71 ^^-^-(72), #7l ^iL 1^74), 41^ ^«-¥-(76) ^ 4lJ: 
■¥•(80)5. ^^€4. 

£ 4<H1 £Al^ <a-El)ul- <H^]ol(60)^ MH7H, M8: 1<>14>21 «g=S) ^#014.) 7 flfi) #41 #^14(62, 64, ... ^ 66)* 

7) ^l^-( 10)^.5.-^ Ei 4i#^l W^AS 41J: *1e]€ 4i-8- #el ^fl^ 4l^»4 4°J*H 4l^» #41^4. <>1 "fl 
, *ti\S ^-4j #^-¥-(70)^ 71^1^(10) a-JL^-Ei 4i#sl<H °Je1M ^efl«l(60)« #sfl #4l€ 4°^*^ 41J:#S^-e1 x\) 

1 ^( H )* ^1 ^4j( H JAS-f-E] #41 ^ #4} #Ej|m *>*j: ^^21 #Al Aj-^ S.Aj [ol^K Xfl 

2 W( R )<>lel- tl^.l* 4# #^ 14 *<>1 -«^*>ai, ^2 s.Aj( R )^. # 7 ] jga. «. (72 ) * cj 7 l 3 

«^-¥-(74)S #^^4(^140 #711). OJ7H, ^12 ^ ( rj^bxb <8^<>m. 



#«M 1 • 
R=H H • H 



*)140 ^Tfl^ofl, ^-71 ^^^-(72)^ ^fl^ s.^} ^^-¥(70H7.-1 ^2 R )o.^.^-El #71 ^iLofl «fl^ 

*>fe -R-atl #71 ji-B- «|E1S( q LX ')4 #71 ji-^^1-( a lt ')-§- ^^^ai. -fratl #7l ji-fr ^e) 

«( Q lt +A« #71 Jl^-5)tl-( A lt ')-§- #71 ^^-¥-(74) 3? 415: ^^(76)5. #zl- #^##(71142 # 
711). #71 Jl-B-S^ #71 Jl-jr «J)Ei2l- ojcfloj rfl ^ 7^^, Aj-7] 11^-^4 nfl^Slfe #7l jl-fi- 
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*W-7\ -8-JLtb #7l ji-B- ^4) <«g-«i*. 



olS}, 51 3<H1 ^42 #7)1 £ 51 441 5L^1€ #7l ^il ^-¥-(72)3 €■ 3* -S^H** £#1- 

51 5fe S. 341 ^142 #7)14] tflt!" -g- tt'S^ fitr «r#*ltl- <a *H4l(42A)« g^tiM 3^ |1^e £ /| 

A]2 ^RK R )-§- ^ ^ *r4! tl-SH-* *r*J *H^i #7] ## ^Rr #7)](*il90 #7)1) ^ #7l 

^ AS-^-Bl ^-7] 4}>-g*H=- ^-7)1(^192 #7)1)5. ol=<^^lcf. 

51 6^ 51 441 51*1€ #7} ^J± ^¥-(72)3 -& «r^4] ^]<H](.72A)^\ ^S,2.*\, ¥3 ¥(100) ^ Jl-B- ^ 
7)l-S-¥( 110)5 

*fl40 #t)1^4|, 51 641 5LAl^ Y3¥U00Hr ^-¥-(70)5¥e1 <ge|$- *]]2 ^-^( R )-§- ¥*l«rJI. ¥33 

«4[ R LT 001* ^4] 3 <T^I #71 *M S.^ [olS}, ^fl3 R LT )olBl- ^tf.] O.S^ J7 

-n- 3-^ Tfl-tWllOS #3*4(*fl90 #7)1). °}7H, ^|3 ^R3( R L T > *f. R lt (Wife tf-§- ¥^K1 2 

5+ £°i a«€ ^ $1*1. 



2 

Rlt=I H H • H=£ R ^ R LT (k)=pR LT (k-l)+R(k) 



<q7}*\, p ¥ "J-zl- ^(forgetting factor)*- M-Ej-ifljl, k¥ ol#3 < il ^Rl-|- M-Er^ch 

^190 #7fl*41, Jl-B- ^ Tfl-iBKllOKr ¥3¥(100)5¥e1 °J^*1 ^13 JH§( R LT )SLS.if-B] jl& ^^(EVD:Ei 
gen Value Decomposition^ 3]7]^ #7] ^iL°J -B-jL*}- #7] Ji-R- ^)El#( Q LT •) * -B-S.*r #7l Jl-B-ft-&( A 
LT ')* ^3 #71 Jl-B- d)Ell-( Q LT ^-Jl^- #71 Jl-ffSM-( A lt ')* # 7 1 ^J£ ^¥(7 

4) S 413: ^€¥(76)5 #^^(^1192 #7)1). «^7l^, ji-B- g-q ^ ofl cflsflA^ -Matrix Computational efe 
5 •G. Golub'4 'C. Van. Loan'°fl 2)$\ (London) 41 ^ cfl^Uohns Hopkins Universi 

ty) %^1-oD sis|) I996»d5.4] ^4| 7flAls)ol ^cf. 

<^1S>, 5L 541 SLAl^ ^92 ^Tfl ^ 5L 64| j^. ^ ^^(110)31 ^- *^4| S)*± 

£ 7fe 5L 5<H1 SL^l^ ^192 #7)141 cfl^ ^ ^"^41 S)« -9^H(92A)» ^^\7] ^tr fS-fjiHSAl, ^-7l Jl-fr 
Eil-Sr #71 Jl-fi-St** -B-JL* ^1^1:4 -a-JL*V #7l ^JiS^ ^ajs}^ #7flW1120 ~ ^124 #7||-&)S o] 

^##. 

S. 64| SLAl^ u>S). ^oj, ^ 7)1^(1 10)fe Si 741 S.*)& -gAH(92A)* ^r^Sf7l ^sfl, ^1 Jl-fr ^¥-(1 
12), ^)Ei ^ 711^(114) ^ ^^«.(ii6) S ^ 0)4. 

■d^, ^190 #7fl^41, ^11 Jl-B- ^-¥(112)^ ¥^¥-(100)5.-^ El oj^^. ^13 R LT )o. S Jf-El ^^^V Ji-B- 

^41 S17HSM M 7l)2l #71 Jl-R- q ! ~ q M )4 M7flSl ^7l Jl-B-Sl;«(\ j ~ X M )* ^M^a, ^€ 

M7flSl ^-71 Jl-B-S)(:«(X j ~ X M )^r ^El ^ 7flAV-¥-(114)fir ^¥(116)5 #^*>fe M 7fl£l #7l Jl 

+ q i ~ q M )* ^^¥(116)5 #^^(^1120 #7fl). 

^1120 #7)1^41, ^El ¥ 7)1^(1 14)¥ ^ °j7)13t* 24*}fe #71 Jl-B" ^ 21 7fl^» 7>-g-^*l-Jl. £ 

4# -B-a Ji-B- *)Ei^(N B )5- A 1 ^^*>^. -B-a Ji-B- ^)ei^(N B )4 -id <W 116)5. *^«tK>l|i22 #7fl). 

°1» ^*11. «)E1 ¥ 7fl-t!-^-(114)fe ?>*EKnl£Al) n^fla ¥ Sic!-, ol nfl, ^ og^^o. .q,^ eAl ^ gj-o.^ 

7fll22 #711^41, -S«1-?-(116Kt ^|1 Jl-B- ^¥(H2)5.¥-E1 <a^tlM7ll2l ^-7l Jl-B- ^E^l-( q ! ~ q M )f>4H 
#-§- 0 l ^)7l€ -B-S. Jl-B- ^El ¥(N B )##^1 ^-71 Jl-B- «)Ell-( q j ~ q NB )* ^^SfJl, ^11 Jl-B- ^-¥(112) 
El oj^tl M7fls] ^-71 Jl-B-^-l-(X i ~ X M )^<HlAi #^-ol »1t1^ -B-Jl Jl-B- ^ -r(N B )#§Sl #7l Jl-B- 
a»(X j - X NB )# ««i«r^. -id^ #71 Jl-B- «)Ell-( q , ~ q NB ) S o] -.c^^l «g tfjElS^- -B-Jl?1 #7l Jl 
-B-«|E1«(Q ltOS^.^^^^I Jl-B-Sl-CX x-X NB )5 ol^ol^l cflz^ ^^-n-jL^#7l A L 
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««. #7fl^°1|, #7l ^^^(74)^ *fl\| «M§ #^(70)sL-^Ei <y^ afl2 ^( R M ^JiL 
(72)3-^ «a3$ ^-71 ^iL( Q LT ' ^ A LT # 7 J ^J&ofl *fl#*Rr #7l Jl-B- «|Ell-( Q ST •)*!■ #7l 

■a-a-ir( A st ')-£ 1^*>^1, ^# #7l ja-fj- Q -)4 #71 JH-ffSM-C A st ')-& 413: #«~?-(76)-5. # 

«H«K*|44 #711). 

olSf, £ 3°fl 5LAl<g X|44 #31 *I41 £Al^ #7l ^iL ^3^(74)21 -& 21 # 4H<*-&* 3-¥-€ 

5. 8£- £ 3°fl £^1€ ^144 tfl# ^ofl 21^- ^AH1(442A)» -g^^M $1# tS^*lS£Al, ^ai w ^ 

41 #tHl#f ^^21 #71 Jf-Aj-8: -?§Hr #711(2)1130 #7fl) S #71 ^Rr #711(^1132 #7fl)JL °) 

#. 

£ £ 4°f] JE^l^ #71 3)iL ^^^-(74)21 -g- U-^oll 2j# -g^ o)](74A)2l Ai, #7l 4j-# ^ ^-¥-(14 

0) 31 ^12 ul-fr $^^-(142)5. ^3€#. 

^142 #7fl^, #7i >a-# -«^-¥-(i40)fe *m w ^-^-¥-(70)s.-¥-e-i °g^# ^12 jhs< r )*i #71 ^ ^ 

^-(72)^^- E1 °J^# =9-71 ^il( Q LT 1 y£ A LT ')« 0 1**H *4l 5 ^41 #611 14^ ^^21 #71 4M S.^ [ 

°l*h J44 ^( R st >°le* tl#.]* 4* 3^1 ^-ol ^^ji, xg^# ^4 R st )"= ^2 Jt-jf 

42)S. #3##MU30 #711). 



3 



r st _a 'lt < Jlt r Qlt' a lt' 2 



^1130 #711^0)), x\} 2 if r -g-*|-f (142)fe #7l 4j-# ^ ^-¥-(140)3.^61 <y^# *N ap3( R ST )^sl-¥- E 1 #^ 
# ul-f}- «-^lH] 2l7]*>^ #71 Jl-fr ^Ei#( Q ST #71 Jl-B-St-l-C A ST ')* -fl^^jl, ^€ #71 Jl-B- «)Bl 
-&( Q st ')4 #71 Jl-B-St^C A st ')* 4131 #«-¥-(76)3 #^##(^1132 #7fl). 

^144 #^1^, 413. #«-f(76)fe #71 ^4(74)3 <a^# #7l J§Ji( Q ^'^A st W # 7 1 ^ ^ 
^(72)3^3 <a^# ^3-71 ^^.( Q LT ' ^ A lt ')» 71^1^(10)^.3. ?-D«-Al7l7H ^^-# #3:^. #$S>5L ( 

*0«- 413:* #t)l# «H5j||oi(60)# #tfl 71^1^(10)^.3. #^##(^146 #31). 

^1146 #7fl# ^*8§l7l #3: #€-¥-(76)^ #71 «1 #71 ^ a. ^^^-l-(72 ^ 74)3-?-Ei z]-z| <y^# ^7l « 

#71 ^^.*[( Q LT '^A lt ") ^ ( Q st ' - A st ')]* i^S>^. i^?# ^^l-i-* Al ^-t #^Sl(TDM:Time 
Division Multiplexing)*}^, ^1 ^ #^^-^ 413:3.^ #tfl# <>|eflol(60)» -f-tfl 71^1^(10) & 

£#, ^ 2ls>^, 413. #^(76)^ 413.4 ^§1-71 fl«fl Al ^-^ #^S1 tflAiofl ian. -S-^- #^ 

5} 3Lfe ^-^ ##sl# ^£ SJ#. 

-S- ^ofl 21*>^, ol^^(20, 22. ... £fe 24)^ £. 4<4 £Al# # j: ^-^^-(80)* cl 

^71^1, ^40 ~ ^146 #7fl#ol ^^sl^ ^#S1 o)±. ^l^oflA-1, Al^ ^-^^-(80)^ #Efl# ol^ol(60)» -f-sfl 

^4lslJl, 7l^l^-(i0)^Ai ^#a)o.5. ^el# ^-g- #el jq^ 4l3.*3.-^-El «efl2l #el -tl3.-f:-g- ^*&*\ 

3., €-8- #el *m 4l3.S(DPCH')* #^##. 

ol*>, i lofl £.Al^ 7l^l^(10)3l £ 2<^1 £Al^ ^132 #3H cfl# ^. ^ofl Sl# ^A|o||f^ ^^-^ £#■&* % 
S*>Ol #2.3f ^-Ol ^^##. 

£ lOfe S. 2<>T1 £.a1^ *l]32 #7lH cfl# ^. ^ofl si # ^AHK32A)« ^f^7] ^# i£^}SSAl, ^-## ^J- 
7l S #71 ^Ji!-§- ol^-*>oi ^.^ ^fl^ A)^s.( DPCH )^- ^-#2] ^e)*>^ #7llW1150 ~ *H156 #7fl») 

5 ^-#^^3. 4i-§- #el 4l3:«-ofl aIj^ 7>4>«|^ #7fl(^)158 # 7fl)S. o)JfLo^# 

S. ll^g- £ H ha)^ 71^1^(10)21 ^- ^-tgofl sl# <Q ^AHSI 4^«(i70), BflolAl^basis) ^ 

^- ^^-¥-(172), *>1^- ££^(174), HflolAl^ ^)e1 3j^(i76), 7>#^-(178) ^ #b)]# o] ellol(i80)S. ^Aj^#. 
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£ 1141 3E*l€ «H2fl<>l(180)fe B7)\3] tVBflM-(182, 184. ... ^ 186)1- #3-, ©1*^(20, 22, ... Sfe 24) 

©.S-^-E^ #3^g ?D«- -tlx* #1Kuplink) #2} *1H ^ \i(DPCCH:Dedicate Physical Control CHannel)-gr 
i% O.S. aJJ: #-8- -§-3 jjHJ^e Aj^rs-^ ol^(20, 22, ... £fe 24) ©.5. 

©1 «fl. *fl30 ^A^, ^¥-(170)^r *VbQi+ ^5llo](i80)» -f-Sfl *Hd* #7l % t&7] ^iL# 

* 4«*>i, #7l « ^71 nflolAli ^il ^-€-¥-(172)5. #3tW*11150 ^Tfl). 

<£<y, 51 4°fl 5L*m Als: «IW6)7} *1 t^j). #^ SL3. ^ 4131-1- ^*r°Jl* 3 -f. ^-?-(170Kr 
A] £*J- ^ ^sj. ^_os_ « ^71 ^iLl-* 4^*}. S=«-. ^«:^-(76)7> a] -g-4}- tft# tflAjo)] S = 
3l^r M«£ ?H«- 4131-1- ^s r £-8- 34-, ^iL 431¥-(170)^ as g-H ©4 4^ 

^ £fe ^B^T ^ Cf^S)- #*1 ^. 7 ] ul ^-71 4^^. 

*fll50 >S3)^oll, «flo]^|^ ^^-¥-(172)^ 3iL ^-¥-(170)°1H #7l ^ #71 ^Ji-i-S.-?-^ U)|©W& 

HflOlAli «|BH-( T )3l- BflOlAl^ D )-§- *g^S\JL, 4H3« «11©H^ gJtw( D )3-¥-E) ^ti^ 

*W. ©mS^* ©m 2:^8 ¥-(174)5. ^a, tHM^ ^e)-i-(t )* HflolAii «ajei 3 -§-¥-( 

176)3- #^^(^1152 #7)1). 

©1*)-, £ 10°H 5L*1€ *1U52 #7)} * S. 11°1| £Al£ tiflolA]i ^-¥-(172)21 ^- ^ofl .^ahi^ ^JjL 
£ 5L#»£- cf-S-sh £©1 

£ 12fe £ 10<Hl 51 a^ ^1152 #7)H cfltb -S- tl^l 2l*I ^H(152A)1- 3* S^.-'MrBSAl , 

#7l ^Ji^ =}7l ^aj.^}. ^s.^] aflojAl^ ^Ei-i-( T )2)- °l^-5Jt-I~§- ^^S>fe ^1(^1200 - ^1206 & 

£ 13^ £ llofl miolA^ ^-¥-(172)3 ^°\) 21* ^^H1(172A)S) 1-elSS.Ai, ^^.(210 

), ullolAl^ St ^1^(212), ^i^ ^«3-¥-(214) ^ miolAl^ tf)El ^^¥-(216)3. 

^1150 i&Tll^oll, ^111 *<i¥-(210)fe ^iL ^-«¥-(170)oll^ 4^ #71 ^^.21- ^71 cl-g- 421- ^-ol 

^a>«>ji, ^A>4g ^sl-( w )♦ sflolAli ^^-¥-(212) ^ Hfl©lAli (21 6) 2. #^*cf(^200 ^^1 

). 



4^ 4 
W = Q LT A l/ \ T Qst A 1/2 st 



^7iAi, q LT 2> a LT ^ 4«-¥(l70H^ 4«€ #7l ^iLSAi, q LT ^ -frS:* #7l s-B- ^ell- 
1- M-Ei-vfl ji, a LT ^ -a-a* #7l HE}tflji, Q sr 21- a ST fe ^Ji 4^¥-(l70)*lH 

#7} ^a.S.Ai, Q ST fe ^71 S-B- ^Ellr* M-B}vflji, A ST ^ ^3 ^71 Jl-B-SJtl-* ## M-E^t}-. 

^1200 ^Tn^, «HlolAli s)t ^l-a-¥-(212)^ ^111 ^V-¥-(210H^ ^« W )S.^ ^m<^\ # 3^1-8: 

^l-tVS>5L, # alMAl^ D )S.Ai ^-#-¥-(214) ^ BflolAl^ tf|E^ ^l<+-¥-(216)S. ## 

^(^1202 'a^D. 

£ 14£i £ 13<^1 £^1^1 mioiAl^ ^ 31#-¥(212)21 ^. ^-^ofl 21^ -^Alofl(2l2A)2l 1-eiS.S.A^ ^12, ... « ^1 
N B #^ ^l^-¥-l-(220 > 222. ... ^ 224)S. ^#^14. 

^11202 #7)1-1- -r^S>7l 21 SJ), aflolAli ^ 7fl<4-¥-(212A)2l ^1, ^12, ... ^ *flN B #^ 7)l#-¥-#(220, 222, ... ^ 22 
4)-g- ^1 ^¥-(210)5. -¥-^ °J ^ *i 4^- 52}- §©1 S«5l^ ^€ W )<^1 ^-(norm)* ^sJ-Jl. ^ 

#)t> # D )^SAi #^*lcl-. 
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<r*M 5 

W = [wi w 2 w 3 . 



^,X|n(l^n^N B )^3 31^(220, 222, ... £tt 224)fe ^1 ^^-(210) S.^] **I4 ^S4( W WM 

*WRr W n °fl 4-§- t*W 64 £oj ^-i- #)S>j7, ^ #1^- ^41- ^ln #3(d „ *3 t>4. 



*r*M 6 
d„= ilw.ll 



^4*1, || || o. ^ t+Bfvflji, w n 4# 74 £o] s^s]fe <S «]El« SH^, II w n II 4# 

^ 84 £^44- 



=^4 7 

W n = [W n i Wa2 . . . W„hb] 



8 

II *„ II =\/lw nl | 2 +lw rt2 | 2 +. • • | WnN J 



o] ufl, *m ~ *iin B «^i-(d n , , d n2 , ... gs d nb >* 4-S- ^4*1 94 Go] % am d Hi sfl^i}. 



D= 





9 


d! 0 


• 0 


0 d 2 


• 0 


0 0 





^1202 47)1^1, aflo)Al^ >SjEl 3)4-^(216)^ *fll ^^(210)^^ <£4£ 44( W )» «11<>lAli ft Tfl-a-f (212) 
3.^ og^^v uflolA]^ ft#( D )S. xmtfcL, *)|4-4 ^4« «1M4^ *)&)*( T »HM4^ ^ 3-8-4(176) 
#344(X]204 431). 

5. 15fe £ 13°1] £*14 HflolAl^ ^eI 3144(216)2) -g- t^l 2l4 44°fl(216A)Sl -|-sl;£5.4, ~ *\]N B 
*\H *W 3]441-(230, 232, ... ^ 234)3. ^44- 

£ 15°fl ~ *j]N B 4Ji afti 31^>-¥-§(230, 232, ... ^ 234)-& 4l *44(210)3.4tH <?) 34 "£44 4 

4( W )» h)1°1a1^ ft 3144(212)3.4^ ^344 IN2-& 4*11 ^34 # 4§K D )J2-S *fl4*K2, XI44 S4» 
uflolAl^ ajeKT #344. ^, XI n 3144(230, 232, ... SL^ 234)^ X|l *44(210).§.4^ 

4 *44 44( W W*i tfl^SHs- w n * »1H4^ ft W&H212)S.*W ^44 DM2» 4*1) ^34 Xln 43 <d 

n Xl44s, X)4€ 444 «IM4^ <W t n )s.4 #344. «q« #4, am 3l44(230fe X|i 

*44(210)3.4iH «834w j 4 Hflo]Ali ft ?fl^(212)a^El «^^VIN2**«H SJ^tl-X!! ^i^(d , )<LsL 
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*H4r*rjl. *VU±& 3*r* HflolA]^ t ! 7))2 tfjEl 7fl^-?-(232)fe Till ^-^(2 10)3 

Jfe] <ya)<£ w 2 * «ll°Hi # ^av«.(212)s.-?-e1 ^J^^V IN2* «-*fl <a^«" 7fl2 *i3(d 2 ).S.3. ^SfJl, Tfl 
^4* h^H^ t 2 #3^. "I** Hl^-5>7|1, t)1n B ^ «. ^ *\ 7)1^(234)^ 7)U ^-¥-(210) 

iM 5 -^ w NB * & n^(212)S.^ °J3#*r IN2» -f-*fl m B 33(d NB )^-3 7)^ 

SfjI. 7%*}$ 34# «fl°H^ *)eK t NB #3^4. 

*fl204 ^Tfl^ofl, 33 ^"3-^-(214)fe # 7)1^(212)^E] <a^tr # 33( D )-°r -tls cfl #^-nl(SNR:Si 

gnal to Noise RatioH A ^-^*>J1, ^ ^sj-o)] rfl^l- ol^-^S^ OUTl^tr 

f-sfl o)^ 2:3^(174)3 #^^4W1206 #7)]). °)# 33 W?-(214)fe ^(Water Filling)^ «fl slT] 
*W mio]A}i #«( d )3-f E-1 °l^-&-I~a- -fl^ ^ ^ (Water Filling)^ ^ 'Digital baseband 

transmission and recording' 6 ] Sf-b *ll-^-°.3 'Jan W.M. Bergmans' 0 )! Sl*fl ^#s]jl JiilKBostonH ^^ltt KL 
UWER ACADEMIC ##A}ofl sjsfl 1996^°)! «H 7Ha|s]<H ^cf. 

-g- ^ofl £ 12°)1 51*1^1 u><4 la-El, 7)1204 iE*7)]<2]- 7)1206 ^>Hte t£ 5iU. *]206 ^t4)7> 

*i]204 ^la.cf ^«g:§ ^£ ^^f. 

tb«, *fll52 ^1^<H1, ol^. 3;^«.(i74)fe aflolAl^ ^.y. ^^-^(172)5.^-^ °]<3t!- 0 1^5H-<M1 *3-§-SM Al-g- # 
Bl ^l3L-l-(DPCH)^2l Aj-nfl^ 3711- a^sl-Jl, 2^ H7l# ^-g- #^1 ^ ^ ^St-* H^Wi «I|E-| ^ 

-g-?-(176)3 #3$rCr(*fll54 ^1). 

Ol§K i 10°1| S.*]& ^154 #7fl ^ £ 11°)1 £Al^ OIE- 2:^ ^-(174)31 ^ ^O]} Sl^- AjJjL^ 

* #2r*Vol cf^ ^-ol ^^^cf. 

£ 16^r 51 10°\] £7>1^ 7fll54 ^Hl rfl^- ^- ^-^oH oltb ^^H](154A)» -M^S>7l « S^KE ^ , ^i^- * 
Bl ^1^1:(DPCH)S1 3.7)9 2^Sj-^ ^711(^1240 ^Tfl) « 37l« ?>fe #s] ^ Al^s.^- S^a). 

^ ^3^*Sffe ^7^1(711242 ^7)1)^. ol^-ol^lcf. 

£ 17^r £ 11*11 IEA1^ o]s. «-(i74)2l ^ofl Sit!- ^^H1(174A)S1 l-^S.^, 7fl2 ^ ^13 ^^l-(250 
^ 252)3. ^€t=t. 

5. 17o)l £Al^J 7fl2 <S-tHK250Hr BflolAli «.( 172 )s.-?-El ^^^V IN3-fr -f-Sfl 6 l^-St»ofl 

1-el *flM ^lil-(DPCH)^- ^Vs>al, ^^r-i-* ^13 *^(252)S ^(7)1240 ^1). ^1240 ^^1^1, 

^13 ^^-¥-(252)^ 7fl2 ^-y-*f(250)^^ ^4* (scramble/spread) ^Vs}- 

^1, ^4* a7l# 5>^r ^-g- #e) mHAlAi tf|el ^^-Jf(i76)s OUT2* 

#«fl #e)tl-4(^l242 ^Tfl). ^7lAi, ^s^^/^n^c Alj^^s-ol^ A]j:<a(c S c)4 >i=5)l^ A)^<g( Cs 

p)-§- 14(CspCsc)l- 31 nl^, o]s. 2^-¥(174)°11 n)el a^aJ.^ ^ E ^ji, <q« s «.E| oj^^ ^ £ 

-g- ^-^°11 els>^, £ 17oH °1^ 2:^-?-(174A)^ ^13 *-a-¥-(252)# ^d^^l n>^^- ^ nj.^ ^ 12 4 2 

^^17> d>^s1a1 2-, ois. 2t^^-(174AH7.i 7)13 «S-t}-¥-(252)7> o>^e)a1 ^ ^ o._ ^a>«. (2 50)o11 

*\ ^-i>€ a7i» ^ ai^. ^-bi a]^^ biha^ ^ ^-g-^-(i76)s. #^€cf. 

^1154 ^-Tll^oll, HflolAlA, ^) a] -§-^-(176)^ ois. 2t^(174).S.-¥-Ei <y^tt 37l» ^fe Aj-g. ^-e) ^fl^ 

Ali#Oll UllOlAlA, ^.M. 7^Aj«.( 172 )S.^.El <y^^ »HlolA]i tf)EH-(T )-§- ^-g-*>JI, ^2f# Al 

Hl^ ^-g- #el ^1^1-3.7.-1 7>aV^.(178)S. #^^-cl-W1156 ^-7^1). 

5E 18^: i 11°11 £^1^ HllolAlA. ta)Ej z\%.!f(i 7 6)s\ £ 21^}- ^aH1(17 6A )s1 1-elas.Ai, 7)14 *^-?-(260 

711156 ^^§>7l ^«fl, H))olAli *1\B\ ^-g-^-(176)Sl 7)14 ^-^(260)^ ^1^- 2^(174)3.^ tim^x} I 

N4« *«11 ^J^tr 2:^^ H7l# ^ N B ^Bs] a)^. ^-el Al^s-ofl ^olAli 7|Aj « ( 172 )s.« e] <a^tr 
HflolAi^ «qEH-( t )-§- *^>i, ^€ a^bI^ Ai^. ^-el 7fl^ ai^s.^^ #^ci-a> 0UT3-1- 

#«ll 7>a].«( 178 ) S . ^^tb^. 

711156 ^7)1^1, 7>av« (178) ^ uflolAl^ ^-g-^- (176)3.^- El <a*l$. 0.3. ^e]^ Ai^. ^-e) ^ Aj^s. 

°d^^7}- IN11- *«fl <a^tL> 4°J5-S ^1^1-[P j (k), P 2 (k), P 3 (k), ... ^ P b (k)]* 7}^i\2L, 

<?! 31 141- i«-e>^ 9jBim <>lBllol(180)l- -g-sfl 01^-^(20, 22, ... £fe 24)o.3 ^tr^WUSS ^^1). 

^11158 ^7)1* ^^|*V7l f)«q, 7>A].«.( 178) - B7flSl 7>A}-7ll-(t J liAl)^. ^ o^cl-. ol7]A^ Z]- 7>AV7l(ol£Al) 
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ufloiAii *n*\ ^-8-^(176)3.-^ e1 <?j^ *tVQ±s. *1e)# =fl#*Hr #-g- #^ *fl^ #:M *B#*Rr 
#i[P i (k), P 2 (k), P 3 (k). - Sfe- P B (k)]» 7}#s}: i 7 > 7 }#^ #*fl# <H 3) o|( 180)^1 *B#«}rr *£ai 

^>E)m-(i82, 184, ... £* 186)3. #314(182, 184, ... SI* 186)* 7 r #*(178)sl *fl#SKf 7}#7l( 

ol51A]Hl/.i 7 }#=1 Q^Wr Sfl#*}^ o]^-^-(20, 22, ... SI* 24)6.3. ###4. 

£ lofl 51Al# 7 ]^l^(10)sq- *H32 #31 % =lS\ ^AHf^ ol^(io)4 ^130 #31 * us) ^AHU- 

^-#=1*1 &cl^, 44 £4 #7l « #71 3 -&!"§■ 4M*M #:§:« 7l^l^(l0)AS. #<£^ * 5U* 

4^ °1*^* fl*IH£ 3*€ ^ &4. 



°i#°im ^#44 24. * ^oii 4# 4^ #3i4« °i* ## #4 s #^* *# *me\ 

*T* * A <3* #<3# #4 « #71 ^JiLl* ol^^-C_S.H-Ei 7]*]^<>.3. fl|«Al7lBS, lfl|0l«g, #^ ^ #*S} <3^§- 

3^44^ ^ J£# o>vl5l- tflolEl- ^(throughput)* ^tfl^l^ ^ J^t- #^4. 



(57) ^^1 ^4 
^T 1 * 1. 

«1*4* i#4* °1* *# #441 &44, 

#4 714^* afll *Aj-g- #<g4 c >1 Aj- 7l Ol^oflAi #71 ^ #4 ^il** #4 ol-S-^OJMS-Bl ?fl 

«■ ^-SL^ *44:Z, *44 Aj-71 # 71 % #7l #4 ^Ji*=L^-E^ 44 « UflolAl^ ©] #-§- #e| 

^l^lr-i- 43*Ka, #7l ^-#3 o.s 4&14 ^44 4<a*S. #Jl** 7>#4 ^41; Aj-7i ol-g-^- 

0.3. 3^44, 

#7l °l*^f* ajo^S Sl-q-o] ^AJ olEflm- S3., #71 7144* ^Ol£ S}#<21 ^A) <&l%^ #JL, #7l 1 *Aj 

* #71 *# * #71 ^# #Bfl4 1 t 4« ^^21 ^ofl *fl#*Kr 51* ^-^^S. *>fe */^r# 4# i#*> 
^ ol* #a1. 

^^p-^- 2. 

^11 Si<H^,#7l 01 

>S-7l 7lAl^O.SJjL6l Aj- 7l Aj^#5.«-Ei #7] S.AJ^- ^^s>JL, ^7l #71 « #7l #7l 5§iL« 

* #71 SAj 0.3.^-El ^^*1-J1, #71 #71 * #71 #71 liLtf #71 #JlS. $«r«H #7l 7^1 

^i*5>^ 5)* ^-^0.3. ^/^# Cf^ OlBfll+i. i#«Vfe Ol^- Jf-A] 

3. 

^11 # £^ m #ofl Sl^^, #7l 71 Al^ 

#71 *# #EflufS- ^-«(| ^A]^ #71 I}® #S.S^-Ei #71 #71 * #7) #7l ^Jil-* ^-^5>Jl, #7l #7l 

^ #71 #71 ^-i-* #^*>^ ^Ja. ^-€-¥-; 

#71 #71 ^ #71 #71 ^H-I-SL-^EI VI\]C}A.)^ ^^.o] BUolAl^ ^^#3} m]c»lA]^ ^3#^ul, ^« 

#71 Hfl^Ali Stl-SL^ olS-gJ-S.^. AJ^S^ UflolAlA, 

#71 ol^-a*^ #-S-SM #71 ^i-g- #21 #Jl!-#S} #cfl^j 3711- S^SfJl, ^2rl~§- ol s. 

#71 OIS. ^^"^.".El <g^^ AJ-7J 2:^^ #7l 8)1^1^^ ^Ei^ ^j*S>S, ^-g-^ #7l 

6.5L Alel^ ^4=1 A^ HflolAli ^)E1 ; * 

#71 *iem «4°B #71 Bf°J*E -tlltt 7>#«>J1 > 7l-#^ 7>#^-# 

#71 ^# #61)41-* #71 7>#^ #71 Ol*^=L ^i^*>fe 5J* ^-^JAS #/^# C]-^ tNll+f. i 

#*>* °1**# #^1. 
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m 5a°w. #71 moiAii 

#7l #7) * ^71 #7] 3-5L»-£ -ft^W-jl. **l*rte X|l 

#7l ^11 «£#-f°lH l^El ^fl\iH * #3* Jfl-iHUl. 7)1#£ ^-71 # ^7) «flolAli 

StftS.*! #^ 5>fe Ufl Ol A] i S 4 A> « ; 

#7l *fll «£#^-<>IM ^A]-^ Aj-71 a))olAli X|#*K2, *H#^ #7l aflolAlA, tf|E^3.Al 

#£ Cfl 3*1 *H #7l %■ ^Sj-g- Zj ^fl^tS. «^*|-JL, ^^Ml tfl# #7l OIS-^S.^.^ % 

?m ^«i*>^ *!■§- ^ #/^=# "a-^q-s i#*Rr ^ #*i. 

5. 

^H14 #°1| Si^H. #7l *)U *#-?-^r 

#7) #7l ^ Aj-7] ^71 J§iL#* o>e})S). ^o] ^AVSj-JT., <£A>^ W )» #7l Sll©]^ & Tfl^Jf- ^ A> 

71 UflolAli «J]E-1 Til^S. ^ t^SRr 3} -I" ^>.£L.5L *>fe <£/^T# If^ <>1* *# #*1. 

W = Q LT A 1/2 LT Q A 1/2 CT 

(<^7lAi, Q LT A LT #7l 4€S #71 3j iLsL*1, Q LT r #7l Jl-R- *1 M-Ef^Jl, A L 

T t -B-S.^ #71 Ji-a-^-l-* M-Ef^fli, Q ST Si- T Q ST Aj-71 ^Hfi^ ^71 Q st ^-^^ # 

71 jl^j- rfjEii-i; q-El-ifljL, A ST ^ 4€€ #71 ji-ff&S-t- M-El-vflnf.) 

^14 #°11 5U<>H. Aj-71 HflolAl^ fit 7fl#^fe 

m ~ XlN B (<H7H, N B fe- ttS. -2tt ^ ^# M-E^t}.) ^sj 31#-?-«-a- ^HlslJZ, 

#71 ^InCl^n^N B ) #3 31#-?-£: *)U *#-¥-<HH «=K W =[ w x w 2 w 3 ... w NB *fl#^fe 

w „ °fl i§-§- flsKO., Aj-71 ^-fr #ltl> £4* X]n o_SAl # 3*tj1. 

XU ~ *|N B #^** #71 # ^^ofl efl#*ffe ^J^- ^ *>fe 4^r# ^lM-1- i^sffe ol^- f-Al 
^1. 

XI 6 #^ #71 BflolAl^ 7fl#4^ 

XI 1 ~ X1N B ^l#-¥-#-i- ^al*^, 

#7l afln ^ « «|El ^l#-¥-fe w n 1- #7l Xln ^i^AS. ^l#«>ji, ^Aj-^ ^41- Aj- 7 1 HflolAli rf)Eis.^i #3«Hs- 
^<t-3- Sffe ^/^r# At WM% i#S>^ «1^ •§-# #*1. 

^t 1 "^- 8. 

xi4 #^ k^^i, #71 ^-#^ 

^El m ^ (Water Filling) « °H ^7jSH #7l uUolAlA: ^l-S-^-E^ Aj- 7 ) ^ 
/^r# ^ °jBflufl- S^-S>^ oj-g- ^-Al ^1. 

^t 1 -^- 9. 

XI 3 #°11 5a°H, Aj-71 

#71 »lf5ltt1 #7l ^-g- #Bl ^fl^ #±»^- *#S>i, ^4** #7l 2:^^) «2l-»S.Ai Aj- 7 l ti^Al^ 

^ ^-8-¥-s #§i^-b xi2 <^#-?-« ^hi*>^ ^-^.2.5. ^/^# ci-^ o>Ejim. i#*>^ #Al. 
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10. 

Xl9 %<>11 5U44. #7l ol=- S^fe 

#7} A]2 «£#¥-4M ^av^ ^en-gy^s^c #£<ll-4 «4» #4 ^4-S.4 

#71 UflolA]^ ^Ei X|3 *#^# 4 f^OS 37^T# 4^ i#4 

ol^ 

11. 

Xl3 1M 44. #4 «flolA}i ^Ej ^-8-^ 

#71 ol=. 2 ^«. S «El <3§j# #4 2:^4 441^ #71 4°]4^ «|Ei»# *#«>i, <^#4 ^4* #71 

0..5L 434 ^4514 #71 7>#45- #^SRr X14 *-9-¥-» ^«)*Hr 4-§- 4^3- 4fe */*r# 4# 4-3)4* S. 

44^ ol #4. 

^n 1 ^ 12. 

Xl3 #°ll 5U44. #4 ol^o. 

#71 ^# 44)41414 ^#4 #71 44*:= ^Xl-Sl^ #71 X)l ^SVi, #71 X]l «Mj -GSJjL 

4 X12 JHJ-i: ^344fe *m 44 ^44; 

#71 *1)4 44 4^4^44 #4 X| 2 44 -2-S^-El #7| #71 4-&4 «fl#44r -8-3:$- #7l JS-jf «|E)«04 

-ffc£« #71 Ji-8-sm-g- 444^r #71 ^Ji 4^4l 

#71 44 44 f^JfS^El 434 #71 Xl2 444 #7l #71 TgiLi^el #71 44 ^-S.°1) Sfl#4fe 47l JL-fr 
*I4*4 ^71 i-B-airl: 44 ^Ji 444: * 

#7l #71 « #71 44 4-S. 4^41^44 ## <y^t!r #71 #71 4 #7l 44 ^iL^-* #4 ^1 JlS 444 

Ji, 444 #71 44 #J:« #71 ^aj oj^q.^ #34fe aIJ: 444* 444J1, 

#71 ^12 444 #71 ^# * #71 ^# o>Eflu)-^ S>*j: ^fl^^ £ A ] ^ s-^ofl Sfl^JZ, 

#71 ^# 4314^ #4 ?fl4 4:£« #7l 444-0.5L 4*4^ 34 4^s */44 4^ 4^1 4« i#s> 
^ °11 44 #4. 

13. 

XI 12 #°fl 444, #4 «1^44 

#71 ^# °J"Efll41-ol]Ai #71 ^-7>^ 434 44-1-43 #71 44 #4 5fl ^ 444^. 444 

#71 ^i-g- #51 #3L Cl ^Wl*>fe 51* ^0.3. S>fe ^/^# Cf^ o>Efl4# i# 

<^1^- #*1. 

^T 1 * 14. 

XI 12 #o)l Slo^l^i. #4 #71 ^JiL ^^§-?-fe 

#7) *im ^ ei oj^^v A2 m^^. ir^sVi, Y^l« XI 3 ^PS-a-sLAi #^*>fe « 

#4 ^13 ^^^^Ei Ji-a- ^^^on ^-71 -B-Jl^ #7lJi-B- ^Ei-i- ^ #7l -B-3i$ #4 ji-B-^l-i- ^ 

Ji-B- -S-^l 7fl#-¥-« 

#4 X13 #4 ## * #4 ^# o>Efl4^ 4*J= ^11^4 #71 #4 ^<^1 *11#4^ ^^.s. 4fe */=r 
# 4^ <?I-Efl4« S«-4fe ^i^. :§.# #^i. 

15. 

X114 #<H1 5U44. #4 i-B- §-4 4#Y^ 

#4 XI 3 o. s «. E ^ Aj-7i ^o. ^.^^o,! si7l44 #4 ji-B- *!4#4 #4 ^-B-St** ^^*H t^fr^lu 
*£4^; 
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&3 °JX)&-§- ^4*Kr #7] #7l SL^&^S] 7fl^# 9}^^}3L, 7>£D€ -frS. ul-fr *"| 3^3*1 f^fe 

#7l X|l Jl-fr ^-j^-S-^El <y^f_V #7l #7) JI-B- *H=1» ^ #7l #7) JL-fraWI-M, #7l -frJL JL-R- ^ ^ 
#S] #-g-C>l 2fl7l3 #7l #7l al-R- ^Ei»4 #&6\ Z\}7]& #7l #7] 31**** <S«|*H #7l -R-jL^ #7l H-fr 

3? -8-71 #7] j^sH-iM **l*l-te 51* ^ o-s. *m 37^r# ^ 

i#*Hr *1* ## #*1. 

16. 

xii2 #°ii ^^1, #71 ^ ^-f^ 

#71 »m ^Y^E] ^Sjg #7l ^12 #7l #7l ^JiS.-¥-El *fl4 ^fl-fr >8#*H #3*Rr ^7] # 

#7l >04 a**^** siTl^ -8-71 #7] 51-8- #7l ^71 n-fi-a** #3«Rr 

#7l X| 4 #7} £# ^ ^ai o>Eflx+^ xm^l ^. 7 i ^ s-^o)] «fl^>^ ?!|-^o £ ^/^ 

# ol-S- *# #*1. 

^T 1 * 17. 

s>q-2l £a] ^Eflu|-s. 71^1^ S>q-2l =^Al o> El |ul-a. o^-S^H) ^-aJ^- <f^«frfc. * 

# ^-Hl Sfl°M. 

(a) #7l ^ A>7l ^Al oVEflu)-^ 5V*j= 5£B^3l S-^O] ^ #71 Ol^oflAi §J #7l 

#71 ol^OS-J^ ^Al*V *|« Al^J^E^ 4^^J1, Aj-7l #7l £ #71 3-71 ^iL^^E] 

& BfloiAii jg^s. oi^-sM A}-g- #el xm #3:«* ^g-TVal AS ^e|*>Jl, #7l ^7>3 o_s. ^e|^ ^* 
H #J> Ir-g- 7KV*M Aj-71 0)^0.5. ^S}-^ ^Tim ^«l*}fe 5i* *>fe ^/=r# 4^ ^l-g-*} 

-s-##^. 

18. 

XII 7 #^ #71 oi^. *aj tg-ig 

(b) #71 7l^l^-AS.-¥-El #=£31 #71 ^«a*H ^I^l-S-^Ei Aj-71 Xll ^^*V^, #71 #7l * #7l ^7) ^ 
fit* #71 ^111 S-^AS-f-Ei ^Z}51, #71 AJ-71 S #71 cj7l ^fi-i-^- #7l fll^r A] i£ #7l 

71^1^- o_s_ #^sm ^1* el ^«l*>fe ^/^Ai nj-^ ^Efli+» oi^-gvfe <>1* *# *«a. 

^t 1 -'^- 19. 

X|17 # Hfe X118 #o)l SI^^I. #71 (a) 'S-Xm 

(al) #71 =£A1 oj-Eflq-l- -g-Sfl ^A]^ Aj7l -<dS.S-^Ei #71 #71 * #7l ^7l ^ ill"* ^-€*>fe ^Xll 

(a2) HcQg. #71 Aj-71 Aj-71 ^71 ^iL-l-S-^Ei XloMli ^^.O] uflolAli ^Ej#2l- UflolAli gJt§-i- ^Aj^j7 f 4 

#71 XlolAii st-i-s.^ ois. ai .^ Ag^t}^ ig-xi; 

(a3) #71 °1 ol^-sV^ #71 #el XI <i #J:§#sl #cflA) a. 7 l# S^^^ #711; 

(a4) #71 2:^^ ^^*ofl #71 aflolAli ^E-ll-^ ^-g-^ #7l ^-Ti^AS. A^el^ ^4^1 ^ 

^Xl; S 

(a5) #71 A^Hl^ ^4o)l Aj-71 4<a*B #S»* 7>#5V<X Aj-7) *# #71 01^^-O.S. Al 

£*ffe ^Xl« ^Hls}fe ^J* ^io S g}^ £/^a) d-f^ ^Eflu)-* °l-§-*l-^ o]^ *# #>a. 
^t 1 * 20. 

^119 #°fl Xi^^i. #71 (a2) tfXm 

(a21) #71 (al) ^T^l^o)!, ^.^^ Aj7l Aj 7l Aj-71 #71 ^Ji#* ^#*m ia-Xl; 
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(a22) #7) ^S.^ # ^l^Jl, ?il#^ #7l % 43* #7l tiflc-lAl^ stl-S-A-l ^ 



(a24) #Jl <fl #£-«H #7l # ^-§- # ^B^^S. ^#*l-i, ^.bH] cfltb ^iL» #7l ols.gJt^-s 

A 1 33*}^. -8-71 (a3) #7fl3. #*8§Hr #7fl* ^-Hl^fe ^-1- ^ */^-tl oVEflufs. o] -g-s}^ ol^ 



X120 #°!| »H. #7l (a21) £31 

#7l (al) ^fl-M, 4€€ #7l #7l * #7l ^. 7 ] ^^.s.^- ofi!fl4 £o] -frXj-*J.oJ aJ 7 ] «-a>^ ^jq.( W ) # 
. #7l (a22) T&TflS *l*8*Hr 3^- S-^I^S. <£/^# nff, °Hm» oj-g-s).^ o|^- Jg-A) 

W = Q LT A i« LT Q CT A 1/2 st 

Q LT ^ A LT #71 #71 ^iLiM, Q LT -frfiLfc #71 ja-fr H-El-m^l, A , 

T #71 aL-frSt^-g- ^^ifljl, Q sx Si- T Q ST ^ #^1 ^71 ^1^1, Q ^ # 

ijj^p-^J- 22. 

XU9 #°fl SJ^I, #71 (a3) ^Ife 

(a31) #71 (a2) #7) ^s^s.^] Aj- 7 ] -g-e] ^ Al^s-a. ^aV^j.^ ^a^ ^4 f A Aj- 7 | 

1^-1- 3. #71 (a4) la-JflS. #*8*Rr ^-al^ 3J-§- s^og. gj.- <£/^# #3]u)~I- ol-g-sj. 

te ol* *# #*S. 

23. 

XI 22 #ofl Sa^H, #71 (a3) <&7llfe 

(a32) #71 (a31) ^a}.^ A^aa/An^H aI^^s-^j. ^aJ-^ji ^a).^ ^jiJ-s. aj 7 ) ^ 

#71 (a4) ^7i|S #7il« c] ^«ls>^ 5J^- a^ios ^/^# cf^ ojtjm 6 i q^l 

<>1* *# #«a. 

^T 1 * 24. 

XI 19 #4| Sl^^i, #71 (a4) ^r^lfe 

#71 (a3) ^Tll^ofl, #71 i4f<1 #71 ^}o}X\^ ^#*>J7, ^a}.^ ^.g. aj. 7 | ^.^0.5. 

#71 (a5) &7$SL #*8*Rr T^lSJ-fc 3^§- ^-^ O.S. ^ ^^1^* ol-§-5fe 

°1* ■ ■ ■ - . 

^■t 1 ^" 25. 

XI 19 #°fl 5a*H^, #71 (b) ^7)]^ 

(bl) #71 ^A] Ol-BflL+oflAl ^Al-g Aj-71 Sl-<a5.E Al^£ S « Ei ^ ^ j ^ ^. ^ ^7] SAJ A 

5.YE-1 XI 2 ^Tfl; 

(b2) #71 X12 ^^-^£1 ^j^ofl ^tg-g}- ^ tf)^^^ ^-7) ^^ e> 



(b3) #7) X12 ^2}- ^J-71 #71 ^^.S-f-El #71 ^71 Sfl#^fe #7l JZ^- ^E^ol). ^7l JZ-B-^l"* ^^*> 



(b4) #71 (b2) ^ #71 (b3) #7|HH ^« #71 #71 ^ #71 #71 3iL!-§- #7l A] jt a 

#71 Al^l- Aj. 7l ^A] ojEflq-l- ^.«fl AJ.7] 7lAl^-O.S. ^^Sl-fe #^1« T^lSKH, 




i-# #>a. 
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AJ cf^ <&«im# °l-g-*Rr *a] ^ 
^t 1 ^- 26. 

^125 *J-ofl 5a°H. Aj7l (b) <a-31fe 

Aj-71 ^A) ^-^6.5. *j2j« ^iS.-^ Aj- 7 ) ^.g. Al^S.^- S-^S}^ C^f- O] 

T^l^fe ^-§- sfe ^/^Al ^ o> El]l 4 # i^-S}-^ o|J§- f-Al 

^t 1 ^- 27. 

21)25 *8-<H| Sl<HAi, Aj- 7l (b2 ) ^Tfl^ 

(b21) A>7l (bl) #31^°H, A>7] ^fl2 ^HJ °- if-^^Jl, ^ 0. S Ai ^^Sj-fe ^ 

(b22) AJ-71 ^13 o. S ^Ei -gr^llHl SlT^S}^ Aj. 7] -fj-jL$- ^7] Jl-R- «|^« « #7) -frifc #7) SL^&^ 

-§- Aj-71 (b3) ^TflS #*8SRr <&7j|«- ^*}*}5L, 

A>7l ^)3 -§RJ£- ^xj gj A>7l ^Al o>E)]q->t AH^fi) #7) Aj-;£ SL^ofl S))^-^ ^-g- S^l_o S S }i=. ^/^ 

ai ^q-* °l-g-sHr 01* -f-A) « o >^ 
^t 1 * 28. 

$127 5fl°W, (b22) fcflfe 

Aj-71 (b21) ^Tfl^. AJ-71 ^3 a^o. S «. E - ) j, o- Jg-^tgoQ Sl7i*H ^"71 S-B- #7) ja-jJ-SNg-* $ 

Ajs>fe #7)1; 

<37ll&-g: a^SRr AJ-71 ^71 al-8-2]t*Sl 7fl^« ^S-^jL, -frJl ai-fr ^Ej^SAj 1^*}^ 
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